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The Cu1eEF CHEMIst of one of the largest 
English Cement Manufacturers writes : 
“I must offer my congratulations on the 
excellence of ‘The Cement Chemists’ and 
Works Managers’ Handbook.’ I feel 
sure it will prove essential to those for 

whom it is intended.” 


“CEMENT CHEMISTS’ AND WORKS 
MANAGERS’ HANDBOOK” 


By W. WATSON, B.Sc., and Q. L. CRADDOCK, M.Sc. 


186 pages, 152 tables, 14 illustrations. Published 1940. 
Price 15s.; by post 15s. 7d. inland, 15s. 8d. abroad. 


IVES in handy form all the data used in the manufacture, 
chemistry, and testing of cement. An indispensable work of 
everyday reference. Saves time and labour, and ensures accuracy. 


Comparison in tabular form of the cement specifications of 33 countries ; 
Dimensions of various standard sieves; Weights and volumes of slurry ; 
Capacities of tanks and kilns; Gas volumes per ton of clinker; Kiln data ; 
Fan horse-power ; Volumes and weights of gases from kilns; Density of exit 
gases; Density of gases in kilns; Proportioning and chemical control of raw 
mixes ; Heat balance. 


Conversion tables (English-metric and metric-English)—Pressures, density 
and concentration, heat, work, energy, calorific values, specific surface, air 
passing through pipes, rate of flow. 


Physical tables.—Properties of substances, compounds, and _ alloys; 
Solubilities of gases in water; Specific gravities of hydrochloric, sulphuric and 
nitric acids at 15 deg. C.; Connection between specific gravity, degrees 
Twaddell and degrees Baume; Conversion of hydrometer readings to specific 
gravity; Weights of substances; Tension of aqueous vapour; Density and 
volume of water at different temperatures ; Weights of sheet metal; Weights 
of water vapour and dry air in saturated air at different temperatures ; 
Calibration of pyrometers ; Heat units ; Combustion data; Freezing mixtures ; 
Evaporative power, calorific power and carbon value. 


Standard solutions and bench reagents ; Chemical tables (atomic weights, 
gravimetric factors, conversion of weights of precipitates). 


Chemical analysis (Argillaceous and calcareous materials, coal and coke, 
gypsum, cement). 


Testing of cement (Setting time, consistency, fineness, soundness, tensile 
strength). 
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The Dry Process versus the Wet Process in 
Portland Cement Manufacture. 


In 1928, 1929, and 1930 occasional articles appeared in this journal reviewing 
and discussing the merits and disadvantages of the dry process of Portland 
cement manufacture compared with the wet process. These articles were of a 
general nature, and no attempt was made to draw any conclusion ; in fact, the 
data then available did not permit any conclusion to be drawn. The subject 
has since also been occasionally referred to in this journal. Changes in the treat- 
ment of the raw material, and also in methods of manufacture, have been made 
since that time, and it is felt that the subject can to advantage be again reviewed, 
for although no new works are under construction at the moment it is possible 
that some are under consideration. 


It is admitted that divided opinion exists regarding the merits of the two 
processes. It is also agreed that the cost of fuel for burning under dry-process 
conditions is, or should be, much lower than that under wet conditions. Also, 
it is accepted that it is easier to obtain a perfect mix under wet conditions than 
it is under dry conditions. These and other points will be considered in detail. 
In order that no essential point be overlooked, it is intended to review the whole 
of the relevant conditions and units. 


Raw Materials. 


The usual basic raw materials used for manufacture in either process are 
chalk and clay, limestone and shale or limestone and clay, and marl. There 
are several other materials, but those named are most generally used. The 
possible initial moisture content of these materials, as quarried, is as follows : 


( 193 ) 
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Per cent. Per cent. 
White chalk a os a .. Io to 20 Average 18-0 
Grey chalk ats ae as é% Ss 2S ei 12:0 
Marl she a a ae aa Ry Oe - 13.5 
River clay cts Si sh via QS. 5s RS , 40°0 
Wood clay a a a ai. SER a5 20 5 17'0 
Limestone pn ais avs ne os oe Ms 3:0 
Shale is ae ic i=. . £055 che a 13'0 
These figures are all subject to qualification or modification, depending upon 
site and quarry conditions. 
The possible quantities (dry) of the various combinations required for the 


manufacture of one ton of cement are as follows : 

Chalk and clay... a ee .. 135 tons and 0-25 ton 

Limestone and shale oie ss ..  1*35 tons and 0-25 ton 

Marl.. Be ni a ae -. 16 tons 
These quantities are not precise but the figures given are near enough ; more- 
over, much depends upon the chemical composition of the basic material. 

The carbonate of the upper layers of marl as quarried often differs from that 
of the lower layers, but it is usually possible to arrange the working levels in the 
quarry to obtain a mix that has the carbonate content required. 

Looked at broadly, it would appear that the wet process is more suitable 
for chalk and clay, and also for marl, and in this connection it may be stated 
that a good supply of slurry water is usually available where chalk and marl 
are found ; the marl water, however, is usually obtained from a greater depth 
than that of chalk. Water is usually scarce in a limestone quarry. The dry 
process appears most suitable for materials that are initially dry and of consistent 
composition, and also where water is scarce. If the dry process were adopted 
for chalk and clay, or for marl, all the initial moisture would have to be got rid 
of before the manufacturing process proper could be commenced, and this would 
be both inconvenient and costly. 

The general descriptions “‘ wet process’ and “‘ dry process’ refer especially 
to the methods of preparation of the raw materials ; the later processes are the 
same whatever the method of manufacture. Whichever process is adopted, the 
raw material is reduced by crushing, grinding, or washing until the residue is 
only a few per cent. on the 170-mesh sieve. It is not practicable to reduce any 
material by any of these processes in a semi-wet condition ; it must be either 
decidedly wet or substantially dry. 

The final moisture contents usually contained in slurries of this class are: 
chalk and clay, 40 per cent. to 43 per cent. ; limestone and shale, 36 per cent. 
to 38 per cent. ; limestone and clay, 38 per cent. to 40 per cent. ; marl, 42 per 
cent. to 43 per cent. Differences in these figures often occur, but the foregoing 
may be regarded as fairly typical; they are the result of experience and com- 
promise. Additional moisture would be useful and helpful in the preparatory 
work, but it would be a nuisance when the drying stage was reached. 


, 


Manufacturing Processes. 
The condition and general sequence of the processes are as follows : 
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Dry Process (HARD MATERIAL) 

(A) Drying the Raw Matertal_—Drying, when necessary, is usually effected 
in cylindrical dryers with internal or external heat. Drying would be carried 
out after crushing and before the grinding is proceeded with. Limestone rarely 
requires drying. Shale usually requires drying, but’ clay nearly always so. 
Where only a small amount of drying is necessary, it would be practicable to 
adopt closed-circuit grinding for stone and shale and pass heated air through 
the separator with the grit ; a separate oil or coke-fired furnace would be suitable. 
A large circulating feed would probably be necessary. 

(B) Crushing and Grinding.—A jaw crusher is generally used for preliminary 
crushing and the hammer mill for final crushing ; grinding is now usually carried 
out in the compound mill. Approximate mixing is effected as the material 
is fed in the grinding mill. 

(C) Final Mixing.—Final mixing, as powder, is effected at the storage silos, 
circulating and re-circulating if necessary until an approximately correct mix 
is obtained. 

(D) Final Storing.—This is in silos, when the mix is considered satisfactory. 

(E) Extraction, and feed to the kiln. 

Moistening is usually effected immediately before the feed is passed into the 
kiln. Moistening does not improve the mix but it reduces—or tends to reduce— 
the loss as dust; the moisture content usually varies between 8 per cent. to 
9 per cent. and up to 14 per cent., depending upon the method of feed. 


WET Process (Sort MATERIAL) 

(a) Crushing the Raw Material——A knibbling-roll crusher is usually used 
for primary crushing ; the crusher also operates as a feeder for the washmill. 

(b) Grinding or Washing.—The raw materials are usually mixed and washed 
in a washmill or group of washmills, but there are frequent variations of this 
arrangement. Often one or other of the materials is washed in a mill remote 
from the main washmill and this wash is fed to the main mill as a liquid, final 
water being added at the main mill to ensure the correct percentage of final 
moisture. 

(c) Pump to “‘ Doctor’’ Tank.—The composition of the mix is tested at the 
“doctor ’’ tank, and if found correct the slurry is run into the storage tanks ; 
if correction is necessary, the correction is carried out here. 

(d) The Finished Slurry as it enters storage is—or should be—ready for the 
kiln. 

Raw Mixes. 

So far as the liquid mix is concerned, there should be no difficulty in obtaining 
and maintaining consistency of carbonate within + or — 0-2 per cent. of the 
mean figure desired. 

A group of “doctor” tanks and storage tanks should definitely form part 
of each installation. The slurry would be pumped to the “ doctor’’ tanks as 
produced, and whatever correction is necessary should be applied at this point. 
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It is usual to wash “ low ” rather than “ high ’’ and so provide an easy means for 
correction. The slurry, when correct, would be run to storage immediately. 

Pressure-air is now generally used for obtaining and maintaining consistency 
of mix ; frequency of agitation or the quantity of pressure-air used is determined 
by the settlement characteristic of the raw material. Pressure-air is often 
regarded as an expensive commodity, but its use for this purpose is fully justified ; 
moreover, the amount of air used should not require more than 2 to 3 kWh. per 
ton of finished cement. 

The method of preparing and blending the raw mix in the dry process is not 
so simple as that of the wet process, and considerable care must be taken if results 
comparable with those of the wet process are to be obtained. Apart from the 
tendency to settlement, it is characteristic of nearly every liquid that the con- 
stituents that comprise it are distributed consistently all through the volume ; 
this characteristic is entirely absent in a dry mix or powder, and to obtain a 
reasonably perfect mix circulation or mixing must be carried out. The method 
of obtaining the truest samples of a dry mix would be by tapping the lines of 
flow at three points, (1) at the mill discharge or the separator discharge (if a 
separator is in use), (2) at the storage silos during the circulation procedure, 
and (3) at the pipeline to the kiln. 


Grinding Raw Material. 


In grinding the raw material it does not appear necessary to obtain a high 
degree of fineness. In fact, the requirement would probably be met if the particles 


were not too small but of uniform size ; this will provide a means of eliminating, 
or in any case in reducing, the possible dust nuisance. A residue of Io per cent. 
to 15 per cent. on the 170-mesh sieve, or 4 per cent. to 6 per cent. on the 100- 
mesh sieve, should prove satisfactory ; this, however, must be determined by 
the characteristics of the materials. 

As already mentioned, there appears to be no need for extreme fineness but 
rather for a uniform particle size. An ideal size of particle should be obtained 
from a mill-with-separator combination operating with a large circulating load ; 
this combination would largely prevent the formation of the smallest particles 
(dust) and at the same time ensure that the largest particles were removed from 
the mill as soon as they reached or approached the size desired. Uniformity 
of particle size should be of considerable value in the timing of the decarbonating 
process in the kiln. The large volume of grit passing through the mill-with- 
separator should also help considerably in obtaining a uniform mix. In any 
case, the mix would not be patchy ; it might be low or high in carbonate, but 
this could easily be corrected. 

The dry process plant is not unsuitable for materials that are substantially 
consistent, or which vary consistently, as quarried, and which are not tainted 
with some constituent that is likely to prove harmful in the finished cement. 
If, however, the raw material is of an erratic varying consistency, or if it contains 
some harmful constituent, then the dry process is definitely unsuitable. More- 
over, the wet process is also unsuitable except when worked in conjunction with 
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a “ froth flotation’ or other such plant ; the adoption of one or other of these 
plants is alone likely to produce a satisfactory material. 


Suggested Arrangement for Dry-Process Raw Material Plant. 


Fig. 1 shows diagrammatically the arrangement of a dry-process raw-material 
preparation plant suitable for a consistent type of raw material and arranged 
with the object of obtaining as good a mix as is practicable under normal con- 
ditions. 

The grinding mill is a three-stage unit. The feed is the product of a hammer 
mill and contains a large percentage of “fines.” The new feed amounts to, 
say, 20 tons per hour and the total feed to, say, 50 tons per hour, and this total 
quantity comprises the separator feed. The “ fines’’ product of the separator 
amounts to 20 tons per hour. The “ oversize ’’ material is 30 tons per hour and 
this is returned to the mill for further grinding ; this large circulating load definitely 
reduces the risk of a patchy product, although, as mentioned, the product may 
be high or low in carbonate. 

A Fuller pump is indicated for elevating the mix to storage silos ; a similar 
pump is shown for the circulating duty, and a further pump for the kiln supply. 
The storage silos are circular and the height is four or five times the diameter. 
The silos are fitted with a distributor plate at the top just under the inlet pipe ; 
this plate should ensure a good distribution of the mix as it enters the silo and 
should avoid segregation of the mix as it falls. The diagram also indicates 
the form of surface of the mix as the silo becomes full. Extraction is facilitated 


by applying small-diameter pressure-air needles at the points indicated in the 
diagram ; four needles are shown, but only some of them will be required at 


” 


the same time. In service the pressure-air “‘liquefies’’ the mix and imparts 
a flow characteristic to it and, under reasonable conditions of head, the mix 
will flow like a liquid. Flow is controlled by a treacle-type valve of good con- 
struction, and a pipe opening of 24 in. or 3 in. diameter should be large enough 
to pass 30 to 40 tons per hour ; the actual quantity, however, will be determined 
or influenced by the amount of air used and by the head of mix above the valve. 
If for any reason the mix in one of the silos is patchy or in some way unsatis- 
factory it should be extracted and distributed over a number of silos and the new 
mix from the mill pumped in with it at the same time. Needless to say the 
greater the amount of circulation the nearer the mix will finally be to perfection. 

Extracting from and pumping back into the silos, as indicated, should correct 
an unlimited amount of patchiness and the distribution plate at the silo inlet 
should completely prevent segregation. 


Continuous sampling of the fines from the mill or separator discharge and 
testing an average batch every fifteen minutes should give an exact indication 
of the composition of the mix being sent to the silos, extracting and sampling 
the mix from the storage silos during circulation should indicate the consistency 
of the mix within the silos, and samples obtained at the pipeline to the kiln 
should confirm the composition of the final mix. 
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Admittedly it requires suitable care to obtain the same perfection of mix 
in a dry mix as in a slurry mix, but any effort made and care taken will be well 
repaid and the two mixtures (dry and wet) should be really comparable if the 
procedure outlined is carried out. 


Fuel Consumption. 

In considering the fuel consumption of the two processes it will be best to 
consider two units of the same size and capacity and treating the same type of 
raw materials. It may also be assumed that, as the moisture will be less with 
the dry unit, the fuel consumption will be less also, but this will be confirmed. 
It may be further assumed that low fuel consumption is necessary whichever 
type of kiln is installed. 

As normally fitted and operated, it is usual to obtain much higher exit-gas 
temperatures with dry-process kilns than it is with wet-process kilns ; the lower 
temperatures in the latter are the result of the surplus heat or excess heat (low- 
grade heat) being used for evaporation. Under dry-process conditions, exit 
temperatures of up to 1,200 deg. F. are common in the United States, and this 
high temperature has encouraged the use of waste-heat boilers. It may be 
pointed out, however, that, apart from the evaporation of the moisture, the 
duty required of the two kilns and the two processes is exactly the same. 


The temperature of the clinker as discharged from the dry-process kiln can 
be—and should be—in agreement with that from a wet-process kiln, and for this 
reason the temperature of the air for combustion, heated by the clinker, should 


be the same with both kilns. 

Fig 2 is based on calculations and is drawn to indicate the connection that 
exists between the coal : clinker ratio, the moisture in the slurry, and the tem- 
perature of the exit gases. The curves are based on the following : 

Standard coal, as used .. ae at os 82,660 B:Y.U.'s 
Excess air .. 9 a as i .. 5 per cent. 
Temperature of the clinker be os .. 400 deg. F. 
Temperature of the air for combustion. . .. 400 deg. F. 

The curved lines indicate the temperature of the exit gases and are drawn 
at 200 deg. intervals, but the remote-line temperatures—z250 deg. F. and 1,000 
deg. F.—are shown as being the limits likely to be required. E..treme accuracy 
is not claimed for the diagram owing to its small scale and the many factors 
involved, but the data are sufficiently exact for general use, and when the kiln 
operation has reached or approaches the accuracy of the diagram the operating 
data should be obtained with exactness and worked up for the particular kiln 
and the conditions. 

The following points and comparisons may be observed and deduced from an 
examination of the diagram :— 

Dry Process.—Under dry-process conditions and when using a dry mix a 
coal : clinker ratio of rather less than 12 per cent. is theoretically possible with 
an exit-gas temperature of 250 deg. F. to 300 deg. F._ If the gases are allowed to 
reach 1,000 deg. F. the coal : clinker ratio would go up to 15 per cent. to 16 per 
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cent. If the raw mix contained 14 per cent. of moisture and the exit gases were 
250 deg. F. to 300 deg. F. the coal : clinker ratio would go up to fully 14 per cent. 

WET Process.—Under wet-process conditions, and with the slurry containing 
40 per cent. of moisture, a coal : clinker ratio of rather less than 22 per cent. is 
possible with an exit temperature of 250 deg. F. to 300 deg. F. If the gases were 
allowed to rise to 750 deg. F. with the slurry moisture still at 40 per cent. the coal : 
clinker ratio would go up to nearly 28 per cent. 

A consideration of the data shown on the diagram indicates that the tem- 
perature of the exit gases has nearly as much effect on the coal: clinker ratio as 
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the moisture in the slurry or in the raw mix. The data given on the diagram, 
and the performance of other kilns, suggests that there is good reason for assuming 
that a coal: clinker ratio of 13 per cent. to 14 per cent. is possible under dry- 
process conditions with a moisture content of 10 per cent. in the dry mix and with 
the exit gases at from 250 deg. F. to 300 deg. F. For the same reason it is reason- 
ably safe to assume a coal : clinker ratio of, say, 21 per cent. with a slurry moisture 
of 38 per cent. and an exit temperature of from 275 deg. F. to 300 deg. F. A 
working margin of 0-5 per cent. might, however, be added to the fuel-ratio figure 
in each case to cover contingencies if it is considered necessary. 
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On the basis of the diagram, and considering the figures for both types of kiln, 
we arrive at the following for a kiln producing ten tons of clinker per hour, say 
1,500 tons a week or 75,000 tons a year : 


Process or kiln Dry Wet 





Moisture in mix or slurry (per cent.) .. Ry a 10 38 

Clinker per year (tons) .. ne ars er ne 75,000 75,000 
Exit-gas temperature a Ro ers as ee oa 275 275 
Coal : clinker ratio (net.) per cent. , ae an 13°5 j 21-0 
Shell radiation (external) (say 4 per cent. ) <a a 0°54 IO 
Coal : clinker ratio (gross, say) per cent. te aC 14:0 22:0 
Fuel for full year (tons) .. ‘ e 10,500 16,500 
Difference in favour of dry process kiln (tons) . as 6,000 — 

Slurry water per year (tons) a ‘ me 12,800 71,000 
Difference in favour of dry process kiln (tons) . : 0 58,000 —- 





Means must now be considered for obtaining and maintaining the low tem- 
perature of the exit gases upon which so much appears to depend. Owing to 
the almost universal use of limestone for manufacture in the United States, the 
dry process was initially adopted with resultant high temperature of the exit 
gases, and possibly for that reason waste-heat boilers were and are frequently 
adopted ; one can only assume that these boilers were originally the only known 
means of obtaining a low temperature of the gases. The practice, however, 
almost encourages extravagant use of the kiln fuel, and it would appear much 
preferable to design each unit—kiln and boiler for the power plant—for its own 
duty and operate each unit at its highest efficiency all the time possible. 


The production of cement clinker in a rotary kiln calls for an amount of high- 
grade heat at the highest temperature obtainable under rotary-kiln conditions, and 
when this demand has been satisfied there still remains an amount of low-grade heat 
all or most of which can be usefully used in the process. If these two quantities 
of heat are used efficiently there will be little or nothing left for use in waste-heat 
boilers ; as a matter of fact the temperature will be much too low for the gas to 
be of service. It is admitted that special conditions may call for boilers, but 
such conditions are very rare. 


The September 1941 number of this journal illustrated and described the 
Lepol grate as applied to kilns of this type and operating under dry-process con- 
ditions, and the use of this grate and equipment will enable the low fuel figure 
mentioned to be obtained. The same issue also gave full data of the “‘ Calcinator ”’ 
as applied to wet-process kilns and the low fuel figures that can be obtained by 
itsuse. These units, though different in operation, produce results on the material 
that are more or less similar, but the process is much farther advanced on the 
grate material than it is on the Calcinator material. The normal kiln shell in 
each case can be shortened by, say, 20 per cent. to 30 per cent. The gases are 
emitted from the kiln at 1,200 deg. F. to 1,300 deg. F. and reduced in the re- 
spective units to 275 deg. F. to 300 deg. F., and all the heat of the gases can be 
usefully used in the process and on the material. 
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With the Lepol grate there is no risk of the raw mix dust being a nuisance - 
as a matter of fact, the gases from a kiln fitted with a Lepol grate are much cleaner 
than the gases usually emitted from a normal wet-process kiln, so there need 
be no anxiety owing to this. The Calcinator kiln requires careful consideration 
in this respect, and data of the possibilities and the provisions that should be 
made are given in the article mentioned. The article could with advantage be 
re-read by anyone interested in the competitive kilns and conditions. 


Summary. 

The dry process of manufacture appears to be in no way unsuitable for use 
with materials that are initially dry and which in some way can be made to meet 
or be subject to the following conditions and limitations : 

(x) When water for the mix or the slurry is scarce. 

(2) When the raw material, as quarried, has a consistent carbonate content, 
or wherein the carbonate varies consistently so that its composition, as used, 
can be intelligently anticipated ; and also when the material does not contain 
some constituent likely to prove harmful in the finished cement. 

(3) The wet-process plant is alone suitable for patchy raw materials, and this 
plant, in conjunction with a froth flotation or other such plant, is alone suitable 
for use with a material that contains some constituent that has to be eliminated 
before the material is suitable for use. 

(4) With a well-designed dry-process plant using 14 per cent. of moisture in 
the mix, the fuel required for manufacture need be only 0-64 times the fuel required 
for a wet-process plant using slurry containing 40 per cent. of moisture. 

(5) The water required for manufacture in a dry-process plant need be only, 
or even rather less than, 0-25 times the weight of clinker produced instead of 
I-05 times the weight of clinker as required by a wet-process plant using 40 
per cent. slurry ; these figures ignore the initial moisture. 

(6) The power required for manufacture in either type of plant will—or 
may—be substantially the same. In any case, no difference can be assigned 
until the plant is designed and laid out ; any assumed difference in power should 
not influence the choice of plant and process. 

(7) Supplementary materials can be added equally well to both plants and 
processes. 
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THE MOST UP-TO-DATE AND AUTHORITATIVE WORK ON 


PORTLAND CEMENT 


MANUFACTURE e CHEMISTRY e TESTING 


A. C. DAVIS 


M.1.MECH.E., 


F.C.S. 


The author was Works Managing Director of the Associated Portiand 
Cement Manufacturers Limited, the largest group of cement manu- 
facturers in Great Britain, and in this important volume the reader is 
given the benefit of his unrivalled practical knowledge of every phase 


of cement manufacture. 


The subject is exhaustively dealt with from the selection and winning 
of raw materials to methods of packing and despatching cement. 


Throughout the volume the reader will find valuable information not 
previously published or available elsewhere. 


420 PAGES 


280 ILLUSTRATIONS 


30 TABLES 


This book thoroughly discusses and analyses: 


Modern manufacturing methods and or- 
ganisation. 

Formation and nature of cement raw materials 
throughout the world. 

Factors governing choice of materials and 
manufacturing processes. 

Advantages of dry and wet processes. 


Raw material and clinker grinding problems: 
Advantages and disadvantages of 
different types of machinery. 


Developments in clinker burning, with notes 
on improving efficiency of the rotary kiln, 
comparative methods of coal feed, slurry 
drying, and kiln control. 


Exact control of all aspects of the burning 
operation. 


Unit system of coal pulverisers in supply of 
coal to rotary kilns. 


Reactions in burning cement. 


Price 30s. net. 


Rotary kiln heat balances and the method of 
obtaining them. 
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Preheater Installation at a Lime Works. 


THE works of the Harefield Lime Co., Ltd., situated at Springwell Lock, on the 
Grand Junction Canal, Middlesex, were erected a few years ago. During the first 
vears of operation the chalk delivered from the pit was tipped into the skip of 
a hoist and delivered into a small hopper above the feed-gear for the rotary 
kiln. A table-feeder under the hopper extracted the raw chalk. Most of the 
chalk was in lumps too large for feeding into the kiln, and a set of toothed rolls 
was installed for breaking these down to about 2}-in. cubes and smaller. All the 
material so crushed was fed into the kiln. As the moisture in chalk varied between 
wide limits, the kiln had to operate under conditions far from uniform. This 
affected the output and fuel consumption, and it was not easy to maintain the 
correct heat inside the kiln. In order to dry the chalk some tests were made 
with a “ Stag’’ preheater. In these tests the chalk was crushed to 2}-in. cubes 
and smaller, moistened so that it contained 20 per cent. of water, and in this 
condition tested in an experimental preheater. The preheater is an inclined grate 
over which the chalk slowly gravitates from an overhead hopper. Hot gases 
are drawn through the bed of material, thereby drying and preheating it. The 
hot gases used during the test had a temperature of about 750 deg. F., and after 
these had been through the bed of material the temperature was reduced 
to 260 deg. F. The dried and preheated material discharged from the preheater 
was about 125 deg. F. and the moisture was 0-5 per cent. The temperature of 
the hot gases used for the test, and their volume, corresponded with the tempera- 
ture and volume of the waste gases available from the kiln at the Harefield Works. 


As a result of the test, Messrs. Edgar Allen & Co., Ltd., provided a “ Stag’ 
preheater and the plant was reconstructed as shown in Fig. 1. In modifying the 
plant, it was decided to abolish night work in the chalk pit. In the new method 
of working the raw chalk is hoisted into a concrete silo, from which it is extracted 
by a rotating table. A new elevator lifts the material, and a short belt conveyor 
discharges it into a small hopper above the preheater. As it is not advisable 
to pass lumps larger than 4-in. cubes over the preheater grate, the hopper at the 
elevator boot is provided with a grating having 4-in. square meshes. The rotary 
table-extractor under the silo discharges into this hopper, and a boy breaks the 
lumps retained by the grating until they pass into the elevator boot. 


The preheater is placed on the kiln flue and the waste gases led in through 
a vertical uptake. Having regard to the difficulty of extracting wet chalk from 
a hopper, it was decided to limit the size of the hopper above the preheater to 
about two hours’ capacity. The outlet is, however, 9 ft. wide, and even when 
conditions were at their worst hanging up of the material did not occur to any 
serious extent. Automatic controls are provided to prevent the hopper from 
overflowing and the level of material from descending too low. 


From the hopper the material gravitates over the inclined grate in the preheater 
housing, and is collected in a receiving hopper below the grate. The speed of 














DECEMBER, 1941 CEMENT AND LIME MANUFACTURE Pace 205 





| 
» ) _| 


i fe} son? 
se eS i 












Se 


Pp. 
Fig. 1.—Arrangement of Harefield Lime Works. 
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gravitation is very slow, but continuous and steady, and is controlled by a 
revolving table-extractor under the receiving hopper which can be controlled 
to suit the conditions in the kiln. 

The hot waste gases from the kiln pass through the flue chamber and the 
vertical uptake into the preheater housing; they are then exhausted through 
the bed of material on the grate by an induced draught fan. The depth of the 
chalk on the grate can be varied according to the grading of the material ; for 
small material the bed is made thinner than for a bed of larger lumps; the 
thickness of the bed has also to be adjusted to suit the suction available from the 
fan. During the preliminary adjustments it was found that the waste gases 
could be cooled down to 212 deg. F., but for this low figure the suction from the 
fan had a high water-gauge reading. At present the gases are cooled to between 
375 and 400 deg. F. and to achieve this the water-gauge reading is not excessive. 
The chalk discharged from the preheater is warm so that it can just be held in 
the hand; this applies to winter conditions and agrees with the results found 
during the test. When the chalk is fairly dry the temperature will be higher. 

With the suction set up by the induced-draught fan, dust and fine particles of 
chalk are carried over, and the necessity for collecting these had to be considered. 
It was desired to use the existing induced-draught fan for the new plant, and while 
this fan was suitable for the preheater, it was not suitable to overcome the 
additional depression caused by forcing the gases through a cyclone. Therefore, 
the gases are discharged from the induced-draught fan into the silo used for 
storing the night supply of raw chalk. The small particles of dry chalk and 
part of the dust settle in the silo as a result of the sudden reduction in the gas 
velocity, and the gases escape through a low chimney into the atmosphere. 

The rotary kiln is 116 ft. long by 6 ft. 6 in. in diameter, and is supported on 
three tvres. It is driven by a variable-speed electric motor. Pieces of 4-in. chalk 
dry fairly well throughout, but they are too large to be fed into the kiln. An 
existing set of crushing rolls from the original plant was therefore re-erected 
between the extractor under the preheater and the kiln-feed pipe to crush the 
chalk to the required size of about 2in. maximum. The rate of feed of raw 
chalk to the kiln is controlled by the rotating table under the preheater. The 
raw chalk entering the kiln, being dry, has relieved the kiln of the work of 
evaporating the moisture usually contained in chalk, and as dry chalk is measured 
by the rotating table the charge in the kiln is more uniform than before ; in fact 
the whole length of the kiln now serves to dissociate the carbon dioxide. The 
draught is controlled by a damper in the suction pipe to the induced-draught fan. 

The burnt lime discharged from the kiln gravitates into a rotary cooler. 
The discharge end of this machine is fitted with a wire-mesh screen for separating 
the fine particles, which are harder burnt because of their greater surface area 
and, therefore, hydrate slower. This is more pronounced with less pure lime than 
with high-calcium lime. 

The whole of the plant is driven by electric motors, the current being 
generated at the works by a Diesel generator. 
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